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Abstract 
This paper proposes a model to study the impact of product substitution in dual channel supply chain behavior. Two important 
variables, namely price and order quantity are used to coordinate offline and online channels under this structure. A substitute-
product demand function is added to well-known online and offline demand functions. The interplay amongst these three 
functions is then incorporated to EOQ model to assess and evaluate the financial performance. The result indicates that there is a 
positive relationship between substitution level and offline channel profit. Contrarily, there is a negative relationship between 
substitution level and online channel profit. In addition, it is also indicated a threshold value of substitution level’s significance.  
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1. Introduction 
Dual channel supply chain (DCSC hereinafter) has been attracting a lot of interest from both supply chain (SC) 
practitioners and academicians. This combined structure of offline and online channel may offer better profitability 
and wider market reach than previously existing conventional channel [2], [6], [8], and [17]. Not only in initiating 
countries such as USA and Japan, DCSC also has been implemented in almost all countries in the world [7]. 
Products which are commonly distributed through this structure are books, personal computers, music, movies, 
electronic appliances, apparels, etc. Some international implementers are IBM, Dell, Nike, Adidas, Sony, Cisco, 
Estee Lauder, Lego and some others.   
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Aside of its popularity and advantageous trend, the implementation of DCSC also brings some problems. A 
prominent challenge is the coordination between offline and online channel. In general, DCSC researchers make use 
of pricing and inventory policy to overcome such defiance. Some exemplary works of coordination by using pricing 
in DCSC are [4], [5], [16], etc. On the other hand, some proponents in coordinating DCSC through inventory policy 
are [1], [3], [9], and [10].  
However, none of those aforementioned works has considered product substitution as a basis for DCSC 
betterment. In fact, this practice commonly occurs when customers perceive the channel price is too expensive 
and/or the product stock is unavailable. Hence, the role of product substitution is very important. To provide more 
representative analytical model in coordinating DCSC channel by considering product substitution impact is the 
main theoretical contribution of this paper. 
As a continuation of authors’ work series in DCSC, in this paper the feature of product substitution is taken into 
consideration. Previous model of pricing under DCSC structure [19] is equipped with product substitution sub 
model. Then this model is incorporated into classic EOQ model in order to concatenate order quantity as decision 
variable in pair with price. In such setting price and order quantity become important joint decision variables in 
system under discussion. Thus, this enhanced model is utilized to assess and evaluate the financial performance of 
DCSC operations. This proposed model is exercised in an apparel company which is implementing DCSC with 
product substitution. The result is then analyzed to study the efficacy of the proposed model. 
This current work is an in-between research. The model sets provided in this paper will be used as a basis to conduct 
a more thorough research on examining the effect of product substitution on pricing and inventory policy under 
DSCS setting. Some more comprehensive and beneficial DCSC insights on channel competition are expected then. 
Nonetheless, a provisional result and its corresponding discussion are provided as the outcome of this current work. 
2. Literature study 
Two groups of research paper were studied, namely product substitution and inventory policy in DCSC in giving 
positioning of this current research idea.  
Firstly, in product substitution review, a paper by [13] analyzed the impact of product substitution to retailer’s 
order quantities and expected profit. They implemented service rate heuristic to solve the three level of substitution 
procedures based on newsvendor model. The result showed that their heuristic provides an accurate method to 
determine order quantities and expected profits under substitution. They also successfully elaborated how the level 
of demand uncertainty and correlation, and the degree of substitution between products affect order quantities and 
expected profits. In addition, they also highlighted that substitution tends to improve expected profits. 
Another work by [12] attempted to observe the impact of customer-driven substitution because of stockout in two 
items distribution channel. They proposed partially decoupled base stock policy for a single-period case. The result 
suggested an optimal inventory levels of the two items can be computed by following this policy. Moreover, they 
showed this policy is optimal even in a multi-period version of the problem. Their numerical experiments showed 
that heuristics based on the decoupled inventory policy perform well in more general conditions than that assumed 
to obtain the analytical results. Their experiment also illustrated that the level of substitution between items, demand 
variation, and service levels or newsvendor ratios are critical to inventory control performance. 
An interesting idea of product substitution was given by a paper by [14]. They extended joint replenishment 
model for coupled product by adding product substitution feature to their model. They gave solution based on the 
classical EOQ model by determining optimal order quantity with regard to delivery, holding and shortage costs.    
The second group is of about inventory policy in DCSC. The review can be started with a work by [3]. This 
author proposed an information sharing in performing inventory control and order fulfillment under DCSC structure. 
The model reflected an idea of not only integrated online and offline inventory but also sharing the information 
about stock availability in the whole DCSC network. The result showed that the proposed idea might provide better 
financial performance than that under no-information sharing. 
A paper by [18] considered a DCSC structure with one manufacturer, one retailer. Customer might chose to place 
order to conventional retailer or directly to manufacturer through its e-tail channel. They expressed an idea 
consisting of three scenarios, namely: centralized inventory, Stackelberg leadership inventory, and e-tail operation 
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by 3PL. There were no dominant solution, in a way of all of those three scenarios are applicable in particular 
situation expressed by system parameters’ value setting. 
A partially hidden information of stock availability was proposed in [11]. The authors suggested DSCS managers 
should only reveal some, not all, available offline stores for online customers to pick up their goods. By 
implementing such policy, backorder costs in some offline stores with critical inventory level could be reduced. This 
dynamic pick up site policy might provide better financial performance than that under conventional policy.       
Based on those literature review, it can be stated that previous researches consider pricing and inventory policy in 
a way of loose or decoupled problem. In addition, there was no idea to incorporate product substitution under DCSC 
setting. Thus in author best knowledge, it is important and beneficial to research about the impact of product 
substitution on inventory policy as well as financial performance of DCSC structure. To what extent substitution 
level may influence DCSC financial performance leveraged by its pricing and order quantity decision? As a 
preliminary step, this research provides a base model in revealing the solution for that research question.  
3. System under discussion 
The conceptual model of system under discussion is given in Fig. 1, which ࡼ and ࡽ are the notation for price and 
order quantity respectively. Please refer to the next section for the notations. 
 
 
Fig. 1. Conceptual model 
   
This graphical representation expresses corresponding research scope, entities involved, their relationships, and 
decision to make.  
4. Model 
In our model development, the step is started with incorporating substitution demand model into commonly used 
offline and online demand function. Then, these function will act as the main components in constructing the 
proposed model.  
4.1.  Conventional DCSC demand and substitution demand model 
Referring to [19], demand function for online and offline channel, ܦ௢ and ܦ௦ respectively, can be written as follows: 
ܦ௢ ൌ ߩܦ௠௔௫ െ ߚ௢ ௢ܲ ൅ ߛ௢௦ ௦ܲ         
 (1) 
ܦ௦ ൌ ሺͳ െ ߩሻܦ௠௔௫ െ ߚ௦ ௦ܲ ൅ ߛ௦௢ ௢ܲ         (2) 
where: 
ܦ௢ = customer demand in online channel 
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ܦ௦ = customer demand in store/offline channel 
ߩ = percentage share of customer who prefer to purchase online relative total demand 
ܦ௠௔௫= maximum demand when price is set near unit cost 
ߚ௢ = price sensitivity constant in online channel 
ߚ௦ = price sensitivity constant in store/offline channel 
ߛ௢௦ = cross-price sensitivity constant for online channel to substitute store/offline channel 
ߛ௦௢ = cross-price sensitivity constant for store/offline channel to substitute online channel 
௦ܲ = price in store/offline channel 
௢ܲ = price in online channel (decision variable) 
 
By incorporating Manufacturer B as the supplier of substitute product in addition to Manufacturer A as the pre-
existing supplier for main product only in offline channel into the SC under discussion, then demand function of 
product substitution ܦ௦஻  should be introduced as follows    
ܦ௦஻ ൌ Vሺͳ െ ߩሻܦ௠௔௫ െ ߚ௦ ௦ܲ஻ ൅ ߛ஻஺ ௦ܲ஺        (3) 
and since substitute product is only introduced in offline channel, then (1) and (2) should be modified as follows 
ܦ௢ ൌ ߩܦ௠௔௫ െ ߚ௢ ௢ܲ ൅ ߛ௢௦ ௦ܲ஺         (4) 
ܦ௦஺ ൌ ሺͳ െ Vሻሺͳ െ ߩሻܦ௠௔௫ െ ߚ௦ ௦ܲ஺ ൅ ߛ௦௢ ௢ܲ       (5) 
where: 
ܦ௦஺ = customer demand in store/offline channel for main product 
ܦ௦஻  = customer demand in store/offline channel for substitute product V = percentage share of customer who prefer to purchase substitute products relative total offline/store 
demand 
ߛ஻஺ = cross-price sensitivity constant in store/offline channel for substitute products to substitute main product 
௦ܲ஺ = price in store/offline channel for main product (decision variable) 
௦ܲ஻ = price in store/offline channel for substitute product (decision variable) 
 
4.2.  Model construction 
The model construction is based on classical EOQ model. Hence, all assumptions about this model prevail in 
current proposed model. The objective is to maximize the gross revenue function minus inventory costs, including 
order’s setup and holding costs. Backorder cost is not considered here [15]. The cycle of process flow is described 
as follows: 
1) Central warehouse announce her prices for main product and substitute product.  
2) Each channel determines optimal selling price.  
3) Having got its demand each channel determines optimal order quantity to central warehouse. 
4) Central warehouse determines optimal order quantity 
5) Central warehouse determines her new price (it is assumed to be used in the next period)  
6) Continue to the next cycle …  
 
To represent this process into analytical model, firstly gross revenue for central warehouse ܴ௪, online channel 
ܴ௢, and offline channel ܴ௦ can be expressed as follows 
ܴ௪ ൌ ሺ ௪ܲ஺ െ ܿ஺ሻܦ௦஺ ൅ ሺ ௪ܲ஻ െ ܿ஻ሻܦ௦஻ ൅ ሺ ௪ܲ஺ െ ܿ஺ሻܦ௢       
ܴ௪ ൌ ሺ ௪ܲ஺ െ ܿ஺ሻሺܦ௦஺ ൅ ܦ௢ሻ ൅ ሺ ௪ܲ஻ െ ܿ஻ሻܦ௦஻        (6) 
ܴ௢ ൌ ሺ ௢ܲ െ ௪ܲ஺ሻܦ௢          (7) 
ܴ௦ ൌ ሺ ௦ܲ஺ െ ௪ܲ஺ሻܦ௦஺ ൅ ሺ ௦ܲ஻ െ ௪ܲ஻ሻܦ௦஻         (8) 
where: 
௪ܲ஺ = central warehouse price for main product (decision variable) 
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௪ܲ஻ = central warehouse price for substitute product (decision variable) 
ܿ஺ = unit cost for main product 
ܿ஻ = unit cost for substitute product 
 
Next is the approximation of inventory cost in terms of order’s setup cost ܥ௦ and holding cost ܥ௛ for each SC 
entity under discussion (no backorder assumption). The formulas for this quantification refer to [15] and are 
written as follows 
ܥ௢௦ ൌ ݏ௢ܦ௢Ȁܳ௢           (9) 
ܥ௢௛ ൌ ݄௢ܳ௢Ȁʹ           (10) 
ܥ௦௦ ൌ ݏ௦ሺܦ௦஺Ȁܳ௦஺ ൅ ܦ௦஻Ȁܳ௦஻ሻ         (11) 
ܥ௦௛ ൌ ݄௦ሺܳ௦஺ ൅ ܳ௦஻ሻȀʹ          (12) 
where: 
ܥ௢௦ = order’s setup cost in online channel 
ݏ௢ = fixed cost per order in online channel 
ܥ௢௛ = holding cost in online channel 
݄௢ = unit holding cost in online channel 
ܥ௦௦ = order’s setup cost in offline channel 
ݏ௦ = fixed cost per order in offline channel 
ܥ௦௛ = holding cost in offline channel 
݄௦ = unit holding cost in offline channel 
ܳ௦஺ = order quantity of main product from offline channel (decision variable)  
ܳ௦஻ = order quantity of substitute product from offline channel (decision variable) 
ܳ௢ = order quantity from online channel (decision variable) 
 
Further is the calculation of order’s setup and holding costs for central warehouse based on corresponding 
formula as written in [15]. If the total products, main and substitute, for all channel, online and offline, is 
aggregated, and it is assumed without losing its generality, fixed cost per order and unit holding cost are the same 
for all product, then the EOQ for central warehouse can be written as  
ܳ௪כ ൌ ඥሺʹݏ௪ሺܦ௦஺ ൅ ܦ௦஻ ൅ ܦ௢ሻȀ݄௪ሻ        (13) 
where: 
ݏ௪  = fixed cost per order in central warehouse 
݄௪ = unit holding cost in central warehouse 
 
Hence, the total order’s setup and holding costs for central warehouse is   
ܥ௪௦ ൅ ܥ௪௛ ൌ ඥሺʹݏ௪݄௪ሺܦ௦஺ ൅ ܦ௦஻ ൅ ܦ௢ሻሻ       (14) 
Thus, the online channel profit ߨ௢ௗ௘௖ , offline channel profit ߨ௦ௗ௘௖ , and central warehouse profit ߨ௪ௗ௘௖  can be 
expressed as follows 
ߨ௢ௗ௘௖ ൌ ܴ௢ െ ܥ௢௦ െ ܥ௢௛ 
ߨ௢ௗ௘௖ ൌ ሺ ௢ܲ െ ௪ܲ஺ሻܦ௢ െ ݏ௢ܦ௢Ȁܳ௢ െ ݄௢ܳ௢Ȁʹ       (15) 
ߨ௦ௗ௘௖ ൌ ܴ௦ െ ܥ௦௦ െ ܥ௦௛ 
ߨ௦ௗ௘௖ ൌ ሺ ௦ܲ஺ െ ௪ܲ஺ሻܦ௦஺ ൅ ሺ ௦ܲ஻ െ ௪ܲ஻ሻܦ௦஻ െ ݏ௦ሺܦ௦஺Ȁܳ௦஺ ൅ ܦ௦஻Ȁܳ௦஻ሻ െ ݄௦ሺܳ௦஺ ൅ ܳ௦஻ሻȀʹ   (16) 
ߨ௪ௗ௘௖ ൌ ܴ௪ െ ܥ௪௦ െ ܥ௪௛ 
ߨ௪ௗ௘௖ ൌ ሺ ௪ܲ஺ െ ܿ஺ሻሺܦ௦஺ ൅ ܦ௢ሻ ൅ ሺ ௪ܲ஻ െ ܿ஻ሻܦ௦஻ െ ඥሺʹݏ௪݄௪ሺܦ௦஺ ൅ ܦ௦஻ ൅ ܦ௢ሻሻ    (17) 
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These three functions are maximized individually by SC entities initiated by central warehouse and followed by 
online and offline channel. The corresponding constraints are 
௪ܲ஺ǡ ௦ܲ஺ǡ ௢ܲ ൒ ܿ஺          (18) 
௪ܲ஻ǡ ௦ܲ஻ ൒ ܿ஻           (19) 
ܦ௦஺ǡ ܦ௦஻ǡ ܦ௢ ൒ Ͳ           (20) 
ߚ௦ ൒ ߛ஻஺           
 (21) 
ߛ஻஺ ൒ ߛ௦௢  
5. Numerical experiment and discussion 
In order to check the efficacy of proposed model, a DCSC implementer of apparel distribution was selected. The 
products are two woman bags, as representations of product A and B in proposed model. Based on data collection, 
Tabel 1 summarizes the system parameters. 
Then, 3 steps optimization, started by the offline channel, followed by online channel and then central warehouse, 
the optimal decision variables are obtained. By using “interior-point algorithm” under “fmincon” built-in function in 
Matlab, the optimization result is provided in the following Tabel 2. 
To check proposed model’s efficacy, ߛ஻஺ as an indicator of to what extent customer is sensitive to accept bag B as 
a substitute product for bag B is further observed. The default value of this parameter is shifted up and down to 
check its impact to online, offline, central warehouse and the entire SC profits. The result is illustrated in Fig. 2. 
    Table 1. System parameters 
Parameter Value Parameter Value Parameter Value Parameter Value 
ߩ 0.7 ߛ௢௦ 0.06 ܿ஺ 320.000 ݏ௦ 135.000 
ܦ௠௔௫ 84 ߛ௦௢ 0.04 ܿ஻ 295.000 ݄௦ 22.000 
ߚ௢ 0.1 V 0.5 ݏ௢ 110.000 ݏ௪ 95.000 
ߚ௦ 0.08 ߛ஻஺ 0.05 ݄௢ 22.000 ݄௪ 20.000 
Table 2. Numerical experiment result 
Decision variable ௦ܲ஺ ௦ܲ஻ ௢ܲ ௪ܲ஺ ௪ܲ஻ ܳ௦஺ ܳ௦஻ ܳ௢ 
Value 434.723 406.481 361.445 401.322 372.647 42 21 12 
 
 
 
Fig. 2. Impact of ߛ஻஺ to profit  
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It can be seen that: 
1) The greater ߛ஻஺ yields the greater online channel, central warehouse and entire SC profits. 
2) In contrast, the greater ߛ஻஺ yields the less online channel profit. 
3) The central warehouse experiences lesser increase than offline channel since this depot also has to bear revenue 
and cost’s fluctuation in online channel. 
4) There exist a significance threshold of ߛ஻஺ which separates the significant profit increase/decrease region and 
insignificant one.   
6. Conclusion 
Even this work is merely a preliminary part of author’s work on product substitution in DCSC pricing and 
inventory policy, the provisional result has been successfully provided in term of modified model set and yields 
some stepping-stone insights. Moreover, a real practice of substitution in DCSC has also been exercised. 
The impact of substitution power, represented by cross-price sensitivity constant in store/offline channel for 
substitute products to substitute main product ߛ஻஺ has been analyzed. The general relationship is there is positive 
relationship between ߛ஻஺ and offline channel profit, and in contrast, negative relationship between ߛ஻஺ and online 
channel profit. It also has been indicated a significance threshold value of this parameter as an provisional but 
important managerial implication of this current result. 
As stated in the introduction, more thorough scientific work will be proceeded as the continuation of this work. A 
closer model representing product substitution in real practice, more complete scenario, and more detail analysis 
should be performed. Whatsoever, this current work has been successfully placed a foundation for this future action. 
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